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Air Traffic and Changing Climate
Introduction
Recent studies on climate have produced extremely
disquieting findings about the effects on it of air traffic.
They have shown that, at altitudes above 9,000 metres, the
water vapour emitted from aircraft engines has to be
regarded as a pollutant. For it forms additional cirrus ice-
crystal clouds, which contribute to the rising temperature
on Earth. Moreover, a problem that has not been solved, as
there are no catalytic converters for jet engines, is the
emission at the same time of nitrogen oxides (NOX). Near
to the ground, nitrogen oxides raise ozone levels in the
atmosphere, while at higher altitudes, the opposite occurs.
There, nitrogen oxides help to break down the ozone in the
stratosphere, where it forms a shield that protects The
Biosphere against the short-wave radiation which is harm-
ful to life. In fact, the consequences of air traffic are very
much more serious than would be assumed from their 13%
share of the world's consumption of traffic fuel.
Water Vapour: Harmful to Climate at High Altitudes
Water vapour in airplane exhaust is harmful at high alti-
tudes (Grassl, 1989), although not at the lower levels which
are the ones mainly involved in weather processes. The lat-
ter take place mostly below 4,000 metres, although during
thunderstorms the air can circulate to about 7,000 metres (or
in the tropics even up to 16,000 metres). Above this the air is
relatively calm, and so the water vapour in the exhaust of
aeroplanes remains there for a relatively long time.
Above 9,000 metres, the air is mostly very cold (bet-
ween -40°C and -80°C). Only extremely small amounts
of water vapour can therefore be absorbed so high up (a
few parts per million by volume). The water vapour emit-
ted from aircraft engines (on average 1.25 kg water per kg
of kerosene fuel) therefore forms artificial ice-crystal
clouds that are known as cirrus clouds. If one assumes
that, world-wide, about 40% (Kavanaugh, 1988) of kero-
sene is burnt between 9,000 and 13,000 metres, then in
1988 around 80 million metric tons of water entered these
endangered layers of the atmosphere!
Only a small part of the cirrus clouds formed by air-
craft is visible as condensation trails. Sunlight can pass
through them almost completely, although heat from the
ground is kept back. Calculations have suggested that, for
every 1% increase in the cirrus clouds, there is a 0.2°C
rise in the temperature of the Earth (Liou et al., 1990). In
this way, air traffic contributes to global warming (the
'greenhouse' effect) on Earth (Grassl, 1990).
Nitrogen Oxides: Ozone Producers and Destroyers
In the lower layers of the atmosphere (troposphere),
nitrogen oxides, together with hydrocarbons and ultra-
violet light, form toxic ozone (Drummond et al., 1988;
Wuebbles & Kinnison, 1990). Air traffic emits a total of
around three million metric tons of nitrogen oxides an-
nually (1989 estimate), about 1 million metric tons of it
being in the particularly sensitive layers of the atmosphere
between 9,000 and 13,000 metres (Egli, 1990). From there
they migrate (diffuse) gradually to both higher and lower
levels.
In contrast to near ground-level, where the nitrogen
oxides are washed out by rain within days, above 10,000
metres, for instance, they persist in the atmosphere for
about a year (after 1 year, some 37% of the nitrogen oxides
are still there according to Fabian, 1990). Above about
12,000 metres, nitrogen oxides from aircraft contribute to
the breakdown of ozone in the stratosphere (Rudloff, 1988;
Johnston et al., 1989; Crutzen & Briihl, 1990). There they
react with water vapour to form nitric acid. This crystal-
lizes at altitudes between 12,000 and 26,000 metres to form
polar stratospheric clouds as soon as the temperature falls
to about -80°C.
Surface-catalysed chemical reactions occur in these
nitric acid-containing clouds. Starting from chlorofluo-
rocarbons (CFCs), e.g. aerosol propellants, ozone is inten-
sely destroyed via free chlorine. This occurs mainly with
the aid of sunlight at the end of the Antarctic polar night.
In this way the so-called 'ozone hole' arises (Arnold,
1988; Crutzen & Miiller, 1989). Moreover, the decrease in
the ozone and the increase in carbon dioxide both lead to a
cooling of the stratosphere and enhance the 'greenhouse'
effect. In this way, critical temperatures of around -80°C
are to be found to an increasing extent even in the north,
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and the development of additional ozone holes is expected
to be acute. The increasing ozone near ground-level pro-
vides no compensation, as 90% of the ozone is to be found
in the stratosphere — without ozone in the stratosphere,
life on Earth would scarcely be possible, as it filters out the
destructive short-wave ultraviolet radiation.
Carbon Dioxide and Other 'Greenhouse' etc. Pollutants
Air traffic accounts for some 13% (1988 figure) of car-
bon dioxide emissions from all forms of traffic world-
wide, corresponding to the amount of fuel consumed
(IEA-International Energy Agency, 1990). Climatologists
estimate that the total increase in carbon dioxide is respon-
sible for about half of the rise in temperature due to the
'greenhouse' effect.
Pollutants of lesser consequence are also produced by
air traffic: these include 1 gram of sulphur dioxide per kg
of kerosene (1.27 litres, totalling about 150,000 metric
tons of SO2 annually world-wide), together with soot, car-
bon monoxide, and hydrocarbons. The last three effluents
have been considerably reduced from the newer large
engines, although at the expense of increased emission of
nitrogen oxides. Furthermore, a problem that has not been
solved, particularly over inhabited areas, is the deposition
of fuel before risky landings, also referred to as fuel dum-
ping. Kerosene in fact contains up to 20% of toxic aroma-
tic substances, some of which can cause cancer.
Constantly Increasing Fuel Consumption
Flights over the seas and oceans, which make up c.
71% of the Earth's surface, and flights over the less-deve-
loped and developing countries, do not appear in any
national statistics on fuel consumption and air pollution.
The basis for any statement or assertion must therefore be
provided by the amounts of fuel filled into aircraft tanks,
as supplied by the International Energy Agency (IEA,
1990). The overall figures, supplied by IEA are as follows:
Consumption of Aircraft Fuel (in millions of metric tons)
1983 1985 1987 1988 (1990)*
USA 50.70 59.38 65.27 67.97 (74.3)*
World-wide 141.3 153.2 160.4 (176)*
* Figures predicted for 1990 are based on the forecast of the US
Federal Aviation Administration.
In 1988, world-wide consumption of fuel (gasoline,
diesel, and kerosene) was 1,206 million metric tons. The
amounts of fuel can be used to calculate the amounts of
pollutants, using the average emission index. In this res-
pect, it is interesting to compare nitrogen oxides with other
sources of pollution (Swiss BUWAL figures in grams of
nitrogen oxides per kg of fuel or oil):
Air traffic about 20
Road traffic
without catalytic converter about 44
with catalytic converter about 4
Oil heating about 1-3
It should be noted that, for physical reasons, catalytic
converters cannot be used in jet engines. The statistics put
out by the airlines mostly refer only to emissions up to an
altitude of 915 metres (LTO cycle), and disregard the
emissions of water and carbon dioxide. For this reason,
most of the emission figures in the literature are much too
low.
Energy-intensive Air Traffic
Air traffic accounts for some 13% of the world-wide
consumption of all fuels (1988 figure), although for only
less than 1% of world-wide transportation (of persons and
freight). Compared with railways, air traffic consumes
about 10 times as much energy per person per km, and
about 100 times as much energy per ton of freight per km.
About 60 litres of kerosene are consumed per person for
every hour of flying time. For intercontinental flights, the
kerosene needed weighs about 3 times as much as the
freight and passengers!
What Ought to be Done?
To limit the harmful effect on the climate, it is impera-
tive to limit air traffic. It could take years before this is rea-
lized and accepted throughout the world, and before res-
trictive measures show an effect. Nevertheless, it would in
the meantime be political and economic nonsense to
expand air traffic still further. The following measures
need to be taken urgently:
— Increase the price of kerosene air fuel by making the
fuel used internationally no longer exempt from tax
and duty. In the period 1986-88, kerosene has cost only
16 US cents per litre.
— Stop all forms of state subsidies or measures to promo-
te air traffic.
— Ban all passenger flights of less than 1,000 km.
— Limit all other flights to altitudes below 9,000 metres.
— It is to be hoped that disarmament negotiations will
also drastically reduce military flights. Such flights use
up about 24% of air fuel today.
— Supersonic flights (e.g. of Concorde aircraft) are extre-
mely harmful and as such are unacceptable. Projects
for even faster aircraft that fly even higher should be
stopped (e.g. projects in the USA, Great Britain, Japan,
France, and Germany).
— Space flights should be reduced to an absolute mini-
mum.
CONCLUSIONS
The total amount of fuel consumed, and especially that
used by air traffic, makes a decisive contribution to the cli-
matic changes that are threatening us (Grassl & Klingholz,
1990). Besides road traffic and the excessively high
consumption of energy in general, air traffic should be
urgently restricted too. For this, discerning parliamen-
tarians and government authorities are needed who are
prepared to take action.
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Convention on Damage Caused to the Environment
A convention on damage resulting from activities that
prove dangerous to the environment is being prepared by
the Council of Europe, in response to the need to propose
measures to compensate victims of damage to the
environment. To date, such problems have received scant
attention at any international level — with the exception
of specific issues such as nuclear energy or the transport
of goods.
In addition to providing for suitable compensation,
the Convention will offer the bases of means to prevent
environmental damage and of those to rehabilitate
impaired sites. Provision will also be made for access to
pertinent information — particularly information that
held by public authorities or industrial operators.
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